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ABSTRACT 

P 

I 

I 

This   s tudy  invest igated  t imber   harvest ing and mass wasting  on  the Queen 

Charlot te  Is lands.  Logging  impacts on the  frequency  and y i e l d  of lands l ides  

from  steep  slopes and  on the  volume of   mater ia l   enter ing  s t reams were  examined 

f o r  a study  area  comprised  of 27 basins  cover ing 350 km between Rennel l  

Sound and  Burnaby Is land. 

2 

The in f l uence   o f   l ogg ing  was assessed  by  comparing t h e   y i e l d  and  frequency 

o f   l a n d s l i d e s   c a l c u l a t e d   f o r   c l e a r c u t  and road  areas t o   t h a t  from forested 

terrain.   Data on the  number, type, and  volume o f   l ands l i des  were ext racted 

from  large-scale  aerial  photography. The y i e l d  f rom  fo res ted   te r ra in  was 

ca lcu lated  f rom  the  to ta l   s teepland  area i n  the  study  basins,   the volume 

associated with debr i s   s l i des  and debris  f lows, and the  age range  over which 

the  landsl ides  occurred. The t y p i c a l  age o f   t h e   o l d e s t   l a n d s l i d e s  sampled was 

estimated t o  be 40 years.  Yields  from  logged  areas were calculated  separately 

for roads  and  clearcut  areas. For each bas in   t he   y ie ld  was calculated  f rom 

t h e   t o t a l  volume o f   l a n d s l i d i n g  from  roads or c learcu ts ,   the   to ta l   s teep land 

logged  area, and the  age o f   l o g g i n g  i n  that  basin.  The  age o f   l o g g i n g  was an 

areally  weighted  average o f   t h e  number o f  years  between  logging  and 

photography. The o v e r a l l   y i e l d   o f   l a n d s l i d i n g  from  clearcut and road   t e r ra in ,  

f o r  comparison with t h e   o v e r a l l   y i e l d  f rom  forested  ter ra in ,  was calculated  as 
an areal ly  weighted  average  f rom  the  indiv idual   basins.  

The y i e l d s  and frequencies from forested and logged  te r ra in  were 

determined  from 1337 landsl ides.  I n  forested  steepland, 4.8 landsl ides  per  

square  ki lometre were observed f o r  a frequency o f  0.12 per  square  ki lometre 

per  year. I n  logged  areas, 29.7 landsl ides  per  square  k i lometre were 

observed, increas ing  the  f requency  to  4.1 events  per  square  kilometre  per 

year. Within the  logged  area,  the  frequency o f  events  ranged  from 3.6 per 

square  kilometre  per  year i n  c l e a r c u t s   t o  9.2 per  square  ki lometre  per  year 

from roads. The o v e r a l l   e f f e c t   o f   l o g g i n g  has  been to   acce le ra te   t he  

frequency o f   l a n d s l i d i n g  34 times. 



I n  forested  areas  the  y ie ld  was 1.6 m /ha per  year. The removal o f  
3 

3 

vegetation  produced a y i e l d   o f  50.7 m /ha per   year ,   an  accelerat ion  o f  31 

times.  Larger  increases were associated with roads, where t h e   y i e l d   o f  

ma te r ia l  was 144 m /ha per  year, and the   acce le ra t i on   re la t i ve   t o   f o res ted  

t e r r a i n  was 87 times. The y i e l d  and acce le ra t i on   f o r   deb r i s   s l i des  i n  

c l e a r c u t   t e r r a i n  on the  Queen C h a r l o t t e   I s l a n d s   a r e   s i g n i f i c a n t l y   l a r g e r   t h a n  

those  reported  f rom  s imi lar   areas i n  the  Paci f ic   Nor thwest .  

3 

Approximately 39% o f   t h e   t o t a l  volume o f  mass wasting  from  forested 

t e r r a i n  and 47% f rom  logged  te r ra in   d i rec t l y   en ter   the   s t ream system. Yie lds 

t o  streams  were 0.6 m /ha per  year  from  forested  areas, 24 m /ha per  year 

from  clearcut  areas, and 75 m /ha per  year  from  roads. The a c c e l e r a t i o n   o f  

y i e l d   t o  streams  as a r e s u l t   o f   l o g g i n g   i s   s l i g h t l y   l a r g e r   t h a n   t h e  

acce le ra t i on   o f   t he   ove ra l l   annua l  volume y ie ld .   Y ie lds  to   s t ream  are  h igher  

from  road  areas,  but most o f   t h e   t o t a l  volume i s  from  clearcuts: 78% from 
c learcut  f a i l u r e s  and 22% from roads. Nearly a l l  o f   t h e   y i e l d   e n t e r s  the 

higher  gradient  port ions  of   stream  reaches i n  the  upper  areas  of  the  watershed. 
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1 INTRODUCTION 

This study i s   p a r t  of  the  Physical  Processes component o f   t h e  

F ish /Fores t ry   In te rac t ion  Program (Poul in  1983), and i t s   o b j e c t i v e  i s  t o  
document the  impact   o f   forest   harvest ing on mass wasting and the  impact o f  

mass wasting on  streams  on the  Queen Charlot te  Is lands. These tasks   invo lve  a 

comprehensive  assessment o f  the  frequency and y i e l d   o f  mass wasting  from 

forested and logged  ter ra in ,  and o f  t h e   p r o p o r t i o n   o f   l a n d s l i d e s   t h a t   d i r e c t l y  

enter  streams. 

The  Queen Char lo t te   I s l ands   a re   pa r t i cu la r l y   p rone   t o  mass wasting, and 

sediment t rans fe r  i s  dominated by episodic  processes  (Al ley and Thomson 1978; 

Wi l fo rd  and Schwab 1982; Church 1983). The Is lands  are perhumid;  annual 

p r e c i p i t a t i o n  ranges  from  1400 mm on the   eas t   coas t   o f   the   Is lands   (Por t  

Clements or  Sandspit) t o   i n  excess o f  3000 - 5000 mm on the  west s ide o f  t he  

Queen Char lo t te  Ranges. The 10-year,  24-hour  storm, de l i ve rs  i n  excess o f  

150 mm r a i n f a l l   o v e r  most o f   t he   i s l ands   (W i l f o rd  and Schwab 1982; Church 

1983). O t h e r   f a c t o r s   c o n t r i b u t i n g   t o   s l o p e   i n s t a b i l i t y   i n c l u d e   r a p i d l y  

weathered  volcanic and sedimentary  rocks  (Lewis 19821, g l a c i a l l y  oversteepened 

slopes,  high winds,  and f requent   se ismic  act iv i ty .  

Mass wasting i s   f u r t h e r  aggravated  by  logging on steep  slopes.  There i s  

l i t t l e   d i s p u t e   t h a t   t h e   r a t e   o f  sediment  transfer  by mass wasting i s  

accelerated  fo l lowing  logging.  Increased mass wastage  from clearcut  areas i s  

apparently due to   ya rd ing   d i s tu rbance   o f   so i l s  and t h e   r o o t  decay  and loss o f  

support  from  the  root mat fol lowing  vegetation  removal (Nakano 1971; Swanston 
1974; Megahan " e t   a l .  1979). Increased  landsl id ing  a lso  occurs  fo l lowing road 
cons t ruc t ion  because o f  overloaded or oversteepened  slopes  and  inadequate o r  
poor ly  maintained  drainage  (v.   Sidle " e t   a l .  1985, for  a  recent  review). 

An inven to ry   o f   l ands l i des  i n  forested and logged  steepland  areas i s  used 

i n  t h i s   s t u d y   t o  examine the   impact   o f   c learcu t t ing  and road  construct ion  on 
n a t u r a l   r a t e s   o f   s l o p e   f a i l u r e  on the  Queen Char lo t te   I s lands  and on the  

p ropor t i on   o f   l ands l i des   en te r ing  streams. The s p e c i f i c   o b j e c t i v e s   o f   t h e  

study  are: 
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1. t o  estimate  the frequency (the number of events  per  square 
kilometre  per  year) and the y ie ld  (volume per hectare  per  year) of 
landsliding from logged and forested  terrain; 

2. to  assess  the  relative  contribution of different  failure types t o  
the frequency  of landslides and yield of  sediment from logged and 
forested  terrain; 

3 .  to  estimate  the  relative  contribution of roads and clearcuts  to  the 
frequency of landslides and y ie ld  of  sediment from logged terrain;  

4. to  estimate t h e  yield of  sediment from logged and forested  terrain 

5.  to  compare  mass wasting  conditions  observed i n  this s tudy  to  those 
to  different  stream  gradient  classes; and 

i n  other  Pacific Northwest regions. 
A future  report will examine t h e  characterist ics of failure sites i n  both 

forested and logged terrain.  
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2 STUDY  DESIGN AND METHODOLOGY 

The approach o f  t h i s   s t u d y  was t o  enumerate  and  measure a l l  episodic 

f a i l u r e s  within c e r t a i n  age and s i z e   l i m i t s ,   v i s i b l e  on a e r i a l  photography o f  

each  study  watershed.  This  approach  provides a complete  inventory o f  

lands l ides  for each basin. 

2.1 The Study  Area 

The study  area  covered 350 km and included 27 bas ins   d i s t r i bu ted  2 

between Hennell  Sound and  Burnaby Is land  (F igure 1). Nineteen o f   t h e  27 

basins  included some logged  areas;  17  included some steepland  logged  area 

(Table 1). These basins  are a subset o f  a l a r g e r  sample  used f o r  an 

in tegrated  s tudy o f  h a r v e s t i n g   a c t i v i t i e s  on f i s h  resources.  This  larger 

sample was in tended   to   i nc luae   t he   range   o f   phys i ca l   cond i t i ons  and 

harves t ing   s i tua t ions   occur r ing  on the Queen Char lo t te   Is lands.  

The study  basins l i e  within the  Queen Char lo t te  Ranges and  Skidegate 

Plateau  physiographic  regions  (Holland 1976; Table 1). Ten o f  the  basins 

are  located i n   t h e  Skidegate  Plateau and inc lude 40% o f   t h e   f o r e s t e d  

steepland  area  and 65% o f   t h e  logged  steepland  area. The watersheds  are 

a lso   even ly   d is t r ibu ted  between the west coasts  of Graham and  Moresby 

is lands  and t h e   a r e a   l y i n g   t o   t h e   e a s t   o f   t h e   a x i s   o f   t h e  Queen Char lo t te  

Ranges. 
The s tudy  bas ins  are  pr imar i ly   under la in   by  the Masset, Yakoun ( s o f t  

volcanics) , Karmutsen (hard  volcanics) and Haida and  Honna ( c l a s t i c  

sedimentaries)  geologic  formations  (Sutherland Brown 1968). The 

sedimentary and soft  volcanic  formations  are  general ly  considered t o  

weather  very r a p i d l y  (Lewis  1982); the  more massive  hard  volcanics  weather 

a t  a slower  rate.  Minor  occurrences of   o ther   geolog ic   format ions -- 
p r i n c i p a l l y   i n t r u s i v e   g r a n i t i c   r o c k s  -- are  found i n  Government  Creek, 

Mountain  Creek,  and on Burnaby Is land. 
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FIGURE 1- Location Of study basins on the Queen Charlotte Islands. 
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2.2 The Land Base 

The steepland  logged  areas were c lea rcu t  between 1 and 17 yea rs   p r i o r  

t o   t h e   d a t e   o f   a e r i a l  photography. The t o t a l  areas f o r   t h e   d i f f e r e n t  ages 

are shown on F igure 2. The s teepland  forested  ter ra in   inc ludes  on ly  

old-growth  forest. 

Steepland  areas were def ined on 1:50 000 NTS maps. For each basin 

the  d istance between the  contours was used t o  separate  areas  steeper  than 

Z O O  from  those  less  steep. The l o c a t i o n  and age o f  logged  areas were 

extracted  f rom  the  Fish/Forestry  Interact ion Program  (FFIP)  Data 

Catalogue and o v e r l a i n  on the  contour map. 1 

Where the  logged  areas were smal l  or  the  FFIP  catalogue was known t o  

be inaccurate  steepland  logged  areas were extracted  from 1:5 000 working 

drawings of   the  bas ins.  Road areas were determined  from  road  lengths 

measured  on 1:5000 working  drawings,  mult ipl ied by a standard  width o f  
20 m. 

2.3 Ca lcu la t i on   o f  Frequency and Y ie ld  

Frequency  and y i e l d   c a l c u l a t i o n s   r e q u i r e   t h e  number and  volume o f  

landslides,  the  steepland  area, and the number o f  years  during  which mass 

wasting  occurs. 

The  mass wasting  events  observed on the  aer ia l   photographs i n  

forested  terrain  range  f rom 1 year t o  100 or  more years i n  age. However, 

older  events have progressively  higher  percentage  ground  cover, and a 

p o i n t   i s  reached where the  deta i led  in format ion  d iscussed i n  Sections 

2.3.2  and 2.3.3 can no longer be accurately  col lected. The s i g h t i n g   o f  

the  ground  through  the  vegetation i n  t h e   i n i t i a t i o n  and t ranspor t  zones -- 
necessary for  d a t a   c o l l e c t i o n  -- is t y p i c a l l y   l o s t  for events  exceeding 

40-60 years i n  age (Smith " e t   a l .  1983). A review  of   o lder  events  dated by 

Smith " e t   a l .   ( t h e i r   T a b l e  1) showed that  events 36  and 48 years  o ld  had 

s u f f i c i e n t l y  open vege ta t i on   t o  be included i n  t h i s  study,  while  events 

64, 87, and 99 years  o ld were excluded. The t ime  per iod   fo r  mass wasting 

Unpublished  data  catalogues  are  available from, F ish/Forest ry   In teract ion 
Program, 2153 West 46th Avenue, Vancouver, B.C. V6M 2L2. 
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i n  the forested  areas -- t h a t   i s ,   t h e  average or  t y p i c a l  age o f  the  o ldest  

events  included i n  the sample -- was est imated  to  be 40 years. 

The comparable t ime per iod f o r  mass wasting i n  logged  areas i s   t h e  

age a t   t h e  t ime o f  photography.  This i s  the  per iod  over  which  landsl id ing 

due t o  c lea rcu t t i ng  or  road  construct ion  could have occurred. 

Within any bas in ,   the   y ie ld  or  frequency  from  logged  areas was 

determined  from  the t o t a l  number or  volume o f   l ands l i des ,  the steepland 

logged  area, and the  average age o f  logging i n   t ha t   bas in .   Th i s  was 

ca lcu lated by weight ing  the ages o f  steepland  logging  with the steepland 

area o f  t h a t   p a r t i c u l a r  age (Table  2). 

2.4 Comparison o f  Forested and Logged Terra in  

The bes t   es t imate   o f   the   na tura l   ra te  o f  l ands l i d ing  on the Queen 

Char lo t te   Is lands i s  based on t h e   t o t a l  volume or number o f  forested 

events,  the  forested  steepland  area, and the  estimated  40-year  record. To 

assess the overa l l   impact   o f   logging on na tu ra l   ra tes  o f  mass wasting, a 
s imi lar   va lue i s  requi red f o r  logged  areas.  This was calculated  f rom  the 

t o t a l  volume or number of landsl ides,  the c learcu t  or  road  steepland  area, 

and the  average age o f  logging. The average age o f   l o g g i n g  was ca lcu lated 

from an areally  weighted  average o f  the age o f  logging i n  the   i nd i v idua l  

basins. 

The o v e r a l l   r a t e  o f  mass wasting  from  logged  areas i s  sens i t i ve  t o  

the age d i s t r i b u t i o n  o f  the ind iv idual   c learcut   areas  (F igure  2) ,   s ince 

t h e i r   y i e l d  or  frequency  varies with age  and depends on: 

1. whether  a  major  storm  capable o f  i n i t i a t i n g  mass wasting has 

occurred  since  logging; and 

2. i f  a  major  storm has occurred, when i t  occurred i n  the sequence 

o f  c lea rcu t ,   roo t   de te r io ra t i on ,  and establishment o f  second 

growth . 
I n  the Queen Charlot tes,   large  storms o f  an approximately  5-year 

recu r rence   i n te rva l   a re   su f f i c i en t  t o  i n i t i a t e   l a n d s l i d e s   i n  most areas 

(Schwab 1983).  Major  storms  occurred i n  1974 and 1978 (Wi l fo rd  and Schwab 

1982; Schwab 1983). Local ized  events  that   a lso  caused  s igni f icant mass 

wasting  occurred i n  1975 and 1976. As such, a l l   o f  the logged  areas 
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may no t  have experienced a r a i n f a l l  event o f   s u f f i c i e n t  magnitude t o  

i n i t i a t e  mass wasting. 

Because o f   r o o t  decay and the  loss of   suppor t   f rom  the  root  mat, 

maximum f requencies  o f   debr is   s l id ing  f rom  c learcut   areas  occur   f rom 5 t o  

20 years  fo l lowing  logging (Nakano 1971; Megahan " e t   a l .  1979; Yoshinori 

and Osamu 1984). These data  suggest  that  those  areas  logged  prior t o  1973 

(approximately 8 years  old) may have exh ib i ted  peak or  near maximum 

frequencies  of  mass wasting  during  the 1978 storm; a lower  response may be 

expected  from more recently  logged  areas. The e f f e c t   o f   t h e  average age 

o f   logg ing  i n  ind iv idua l   bas ins  on mass wasting  frequency  (Table 2) i s  

shown on Figure 2(B). 

2.5 Photography 

The da ta   f o r  th is  study were co l lected  f rom two d i f f e r e n t   s e t s   o f  

a e r i a l  photographs,  which  covered 20 study  basins  on Moresby I s land  and 

seven  on Graham Is land.  The loca t i ons   o f   t he   bas ins   a re  shown i n  Figure 1. 

Data fo r   the   Renne l l  Sound basins  (1-5 i n  Table 2, p. 9) were 

ex t rac ted   f rom  B r i t i sh  Columbia Government b lack and wh i te   ae r ia l  

photographs (BC81059 and K81083)  f lown on Ju ly  22 and 24, 1981. 

Photographs were taken with a 305.09-m foca l   l eng th   ae r ia l  camera from  an 

a l t i t u d e   o f  3500 m, and  have a nominal  scale o f  1:11 000. Photo q u a l i t y  

and basin  coverage  generally were very good. 

Colour photographs (BCC325 and BCC326) were taken  for   basins 6-27 

(Table 2) between  August 27 and September 3, 1982. A 152.18-mn f o c a l  

leng th  camera was used a t  a f l y ing   he igh t   o f   approx imate ly  2000 m. The 

photographs  have a nominal   sca le  o f  1:13 OO0.2 The q u a l i t y   o f   t h e  

pr in ts   var ied  ( f rom  very  poor   to   very  good) and depended on cloud 

condi t ions and t i m e   o f  day. Some l i n e s   o f  photography were flown i n  the  

early  morning and  have deep  shadows i n  valley  bottoms and on north, 

northeast, and northwest  slopes as a resu l t .   Add i t iona l  problems for  

Aerial  photographs  are  avai lable  from Map and Air Photo  Sales,  Survey and 
Mapping  Branch, B.C. M i n i s t r y  of  Environment, V ic to r ia ,  B.C. 
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i n t e r p r e t a t i o n  were introduced by  incomplete  coverage o f  some basins 

( p a r t i c u l a r l y   S e c u r i t y  Creek, Government Creek,  and Thurston  Harbour 

Creek). 

2.6 Data  Col lect ion 

Quant i ta t ive  data were ext racted  f rom  over lapping  pa i rs   o f  

photographs  set up i n  a WILD A6 stereoplot ter .  The WILD A6 i s  a p rec i s ion  

i n s t r u m e n t   t h a t   r e c t i f i e s   a e r i a l  photographs  from  perspective  project ion 

to   o r thogona l   p ro jec t ion .   Th is   a l lows  t rue  and prec ise measurement of 

hor izontal   d istances,  heights,  and angles i n  the  model  formed  by the  

over lapping  aer ia l   photographs.   Rect i f icat ion i s  achieved  through 

i n t e r i o r  and r e l a t i v e   o r i e n t a t i o n  procedures. 

Measurements  were taken   a f te r   t he   s te reo   pa i r  was r e l a t i v e l y  

or iented -- a p o i n t   a t  which a na tu ra l  model, with a common v e r t i c a l  and 

hor izonta l   sca le,  i s  created. As the  s tereo model i s  not   absolute ly  

l e v e l e d   ( t h a t   i s ,   t i e d   t o  surveyed  ground  control), i t  may be t i l t e d  or  
t i p p e d   r e l a t i v e   t o  a geodetic  zero datum, and the  sca le is not  known 

exact ly.  

Because analys is  was conducted  basin  by  basin, a l l  photo  pa i rs  

cover ing  the  area within a given  basin were viewed  consecutively. For any 

g iven  photo  pa i r   the  area  v is ib le  for c l a s s i f i c a t i o n  and  measurement was 

roughly 1 km wide  by 2 km long. Most i nd i v idua l   l ands l i des  were contained 

within a s ing le  s tereo model. 

Each f a i l u r e  was traced  onto a mylar base  sheet. Plan measurements 

o f   w i d t h  and length  were made d i r e c t l y  from th is  t rac ing.  The h e i g h t   o f  

t h e   t e r r a i n   a t  changes o f   s l o p e  was recorded on the  same sheet.  Slopes 

were determined  from  tangents  calculated  from  the  dif ference i n  e leva t ion  

and the  d is tance between any two  points. 

Measurement inaccuracies  can be due e i t h e r   t o   t h e   i n h e r e n t  

imprec is ion   o f   the   s te reop lo t te r  or t o   t h e   e r r o r   i n t r o d u c e d   b y   l a c k   o f  

abso lu te   o r ien ta t ion ,   inc lud ing   bo th   uncont ro l led   sca le   var ia t ion  and t i p s  

or t i l t s .  The machine l i m i t a t i o n s  on  accuracy  are  approximately 0.05 mm 

fo r   ve r t i ca l   sca le  and 0.5 mm ( r u l e r  accuracy) f o r   h o r i z o n t a l  measurement, 



- 12 - 

which, a t  a working map s c a l e   o f  1:5000, t r a n s l a t e   t o  0.3 m v e r t i c a l   e r r o r  

and 2.5 m ho r i zon ta l   e r ro r .  

Error i n  the  absolute t i p  or tilt o f  an i n d i v i d u a l   s t e r e o  model 

re la t i ve   t o   geode t i c   ze ro  datum was less   than 2 O  f o r  almost a l l  models. 

A l though  such  er rors   d id   a f fect   the  accuracy  o f   s lope measurements, t h i s  

e r r o r  was smal l  compared t o   t h e   s l o p e s  measured -- ranging  from 25 t o  50° 
-- i n  t h e   i n i t i a t i o n  zone o f   s l i d e s .   T i p s  or  t i l t s  i n  the  model  had  an 

i n s i g n i f i c a n t   e f f e c t  on measurement o f   hor izon ta l   d is tance.  

As mentioned e a r l i e r ,  measurements  were made a t  an assumed s c a l e   o f  

1:5000. This scale was not  determined  for  each  model  from known ground 

con t ro l   po in ts ,  but ra the r   f o r   seve ra l  models,  and a s i m i l a r  enlargement 

was app l ied   to   the   remain ing  models.  Consequently, scale may vary  by  as 

much as - +5% from one model t o   t h e  next. This v a r i a t i o n   p r i n c i p a l l y  
a f f e c t s   t h e  measurement o f   d i s tance  and  exceeds the   inherent  measurement 

e r r o r  when distances  over 50 m are measured. Sca le   var ia t ion  has  no 

in f luence on the  determinat ion  o f   s lope,   as  both  ver t ica l  and ho r i zon ta l  

measurements are  a f fected  equal ly .  

2.7 Fa i l u re   Desc r ip t i on  

The o r i g i n a l   i n t e n t i o n   o f   t h e   p r o j e c t  was t o   c o l l e c t   d e t a i l e d  

in fo rmat ion  on a l l   i d e n t i f i a b l e  mass wasting  events, but th is  was 

imprac t i ca l  i n  the  case o f   revege ta ted   s l i des  and smal l   events  for   two 

reasons. F i r s t ,   a l t h o u g h   s l i d e s  may remain  recognizable  from  the 

vegeta t ion   pa t te rn   fo r  many years, once they  are  revegetated i t  is 
d i f f i c u l t   t o  measure some important  parameters,  such  as  slopes,  widths, 

and lengths i n  t h e   i n i t i a t i o n  and t ranspor t  zones. Add i t i ona l l y ,   l a rge  

features may remain v i s i b l e   f o r  a long  t ime,  while no record may remain o f  

smal ler   events  of  a s i m i l a r  age.  Because o f   t h e   p o t e n t i a l   f o r  age b ias  

and the   d i f f i cu l t y   o f   ex t rac t i ng   accu ra te   da ta ,   de ta i l ed   i n fo rma t ion  was 

no t   co l lec ted   fo r   subs tan t ia l l y   revegeta ted   lands l ides .  

Second, because smal l   s l ides  can become obscured  by  vegetation i n  
forested  areas, i t  was necessary t o  impose a 200-m minimum s ize  limit 

on lands l i des   t o   avo id   b ias  i n  d js t ingu ish ing  between  logged and forested 

2 
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areas.  Also,  those  events  less  than 200 m are  less  than 8 mm2 a t   t h e  

working  scale  of  1:5000 -- a s i z e   a t  which i t  i s   d i f f i c u l t   t o   d i s t i n g u i s h  

events or co l l ec t   quan t i t a t i ve   da ta .  

2 

Consequently,  the  detai led  information  discussed i n  t h i s   r e p o r t  
app l ies   to   those  lands l ides   la rger   than 200 m , with v i s i b l e   i n i t i a t i o n  

and t ranspor t  zones. The v i s i b i l i t y  requirement means that   revegetat ion 

has not  obscured  the  ground - ( implying ages o f  approximately 40 years or  
less) ,  and t h a t   t h e   f e a t u r e   i s   c l e a r l y   v i s i b l e  on both  over lapping  aer ia l  

photographs and i s  not  badly shadowed. 

2 

2.7.1  Types o f   l a n d s l i d e s  

Episodic mass wast ing  events   inc lude  rock  s l ides,   ro tat ional  

slumps, earth  f lows,  debr is  s l ides,  and debris  flows  (Church  1983). 

Only  debr is  s l ides and f lows were numer i ca l l y   s ign i f i can t  i n  the 

study  basins. 

Debr is  s l ides  are  shal low,  rapid,  downslope movements o f  

unsa tu ra ted   su r f i c i a l   ma te r ia l  and organic  debris (Varnes  1978). 

These even ts   a re   i n i t i a ted  on steep  slopes and o f ten   depos i t   mater ia l  

a t  changes i n  slope, on debr is  cones, or  i n  v a l l e y  bottoms. They 

include  the  debr is  avalanches and debr is   s l ides  d iscussed by  Swanston 

(1969), Swanston  and Swanson (1976),  Al ley and Thomson (19781,  and 

Wi l f o rd  and Schwab (1982). 

Debris  f lows  are  saturated or  supersaturated  f lows o f   ma te r ia l ,  

t y p i c a l l y   r e s t r i c t e d   t o   g u l l i e s  (Varnes  1978). Debris  flows,  as  used 

i n  t h i s  paper, are  the  debr is  torrents  d iscussed by Swanston  (19691, 

Swanston  and Swanson (19761,  and Wi l f o rd  and Schwab (1982). 

S l ides and flows,  as  used i n  t h i s  paper, were d is t inguished on 

the  aer ia l   photographs by the appearance o f   t h e   d e b r i s   ( s i g n s   o f  

flowage or log  levees),  where the   debr is  was deposited  (slope,  length 

o f   depos i t ) ,  and the  nature  of   the  deposi t .   This  s imple 

c l a s s i f i c a t i o n  was used because more subt le   d i f fe rences   a re   o f ten  

ambiguous on a i r  photographs. 
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Debris slides were fu r the r   subd iv ided   acco rd ing   t o  the 
environment where t h e y  occur :   open   s lope   f a i lu re s ,   gu l ly  headwall 
failures, g u l l y  sidewall failures, and   ac t ive  wall failures. The 
g u l l y  headwall was def ined  as t h e  d i s t i n c t   l a n d  facet upslope  of  the 
i n c i s e d   p o r t i o n   o f  the g u l l y .  T h i s  area cont r ibu tes   water   and  
materials t o  the gul ly   and is, i n  effect, the gu l ly   d ra inage  area. 
Gully sidewall failures i n i t i a t e  on the wall of the i n c i s e d   p o r t i o n  
of t h e  g u l l y .  Act ive wall f a i l u r e s   i n c l u d e   t h o s e   e v e n t s  where t h e  

debris i s  n o t   v i s i b l e   a n d  the scar may rep resen t  a debris slide, an 
exposure  of  bedrock, or  a la te ra l ly  ex tens ive   po r t ion   o f   r ave l l i ng  
gul ly   wal l .  

A common s i t u a t i o n   i n  t h e  s tudy  area was f o r  a debris flow t o  be 

i n i t i a t e d  by a g u l l y  headwall or sidewall d e b r i s  slide. Both the 
flow  and the s l ide were listed and described separately when they  
could be d i s t ingu i shed .  

2.7.2 Envi ronmenta l   descr ip tors  
Slides were classified as either clearcut o r  f o r e s t e d  failures. 

Clearcut logging i s  the o n l y   s i l v i c u l t u r a l  system used  on the Queen 
Char lo t t e   I s l ands .  

Events were f u r t h e r   d i v i d e d   i n t o   o p e n   s l o p e  or  g u l l y  
ca t egor i e s .  Those l ands l ides   occu r r ing   i n   l ogged  areas were 
classified as  c l ea rcu t ,   r oad - re l a t ed ,  o r  cut boundary   fa i lures .  
Clearcut f a i l u r e s   i n c l u d e d  a l l  even t s   no t  related t o  roads  or  c u t  
boundar i e s .   Road- re l a t ed   f a i lu re s   i nc luded   f a i lu re s   i n  f i l l  and cut,  
a n d   a l s o   f a i l u r e s   a s s o c i a t e d  with d ra inage   d ive r s ion  where these 
could be i d e n t i f i e d .  

2.7.3 F a i l u r e   d e s c r i p t o r s  
For the purposes   of   es t imat ing  volumes  and  descr ibing slides, 

failures were s u b d i v i d e d   i n t o   i n i t i a t i o n ,   t r a n s p o r t ,   a n d   d e p o s i t i o n  
zones (Figure 3). Genera l ly ,  t h e  i n i t i a t i o n   z o n e  is an area of 
complete  scour,  typical ly  inc luding  the steepest par t  of  the 
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fa i lu re .  The t ranspor t  zone i s  an area  o f   lower   gradient  and f o r  

deb r i s   s l i des  may be an  area o f   depos i t i on  and  scour. For debr is  

f lows,  the  t ransport  zone i s  the  scoured  por t ion  o f   the  channel .  The 

deposi t ion zone i s  where m a t e r i a l   f r o m   t h e   i n i t i a t i o n  and t ranspor t  

zones i s  deposited. 

I n  some cases  these zones  were dist inct ;  i n  others  they were 

no t .   O f ten   t he   d i v i s ion  between t h e   i n i t i a t i o n  and t ranspor t  zone i s  

based simply on changes of   s lope  a long  the  fa i lure.  For smal ler  

features  these zones are   o f ten   ind is t ingu ishab le  and  measurements 

were of ten  recorded as b e l o n g i n g   t o   t h e   i n i t i a t i o n  zone. 

2.7.4 Volume o f  events 

The t o t a l  volume enter ing   the   depos i t iona l  zone was determined 
from measurement o f  t he  volume i n  the   depos i t iona l  zone or, more 

commonly, from a combination o f  widths, lengths, and estimated  depths 

o f   t h e   i n i t i a t i o n  and t ranspor t  zones.  The volume e x i t i n g   t h e  

i n i t i a t i o n  zone was estimated as: 

l eng th  x width x depth x l / cos  8 .  

The volume contr ibuted  f rom  the  t ransport  zone was ca lcu la ted  i n  a 

s i m i l a r  manner. Lengths,  widths, and slopes were  measured from  the 

1:5000 working maps. Depths were: 

I n i t i a t i o n  depth: Smith " e t   a l .  (1983), from measurements  on 45 

fai lures,   determined  the  average  depth  of   soi l   removal   f rom  the 

i n i t i a t i o n  zone t o  be 0.44 m. As t h i s  depth  corresponded  roughly t o  

t h e   v e r t i c a l   r e s o l u t i o n   o f   t h e   s t e r e o p l o t t e r ,  i t  was n o t   p o s s i b l e   t o  

es t ima te   d i rec t l y   t he   dep th   o f   so i l   r emova l  on d i f f e r e n t   f a i l u r e s .  

The i n i t i a t i o n   d e p t h  was  assumed t o  be 0.5 m f o r  almost a l l  events. 

Occasional ly,  the  general appearance o f   t h e   l a n d s l i d e   i n d i c a t e d  

depths   d i f fe ren t   than average and, for  these  events,  depths were 

est imated  as  e i ther 0.25, 1.0, or 2.0 m. 
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F ie ld   inves t iga t ions   by   the   au thor  i n  January  and May 1983, and 

by   the   Fores t   Eng ineer ing   Research   Ins t i tu te   o f  Canada  (FERIC) i n  the  

summer o f  1983, were  used t o   c o n f i r m  some depth  est imates  from  the 

a e r i a l  photography. 

Transport  depth: For debr is   s l ides   the   t ranspor t  zone i s  an  area o f  

mixed  scour  and  deposition. The transport   depth was assumed t o  be 

equal t o  one-half  the  depth i n  t h e   i n i t i a t i o n  zone. For debr is   f lows 

the  t ranspor t   depth was calculated  f rom  the volume i n  the   depos i t ion  

zone  and the  approximate  surface  area  of   the  t ransport  zone, or  an 

average  value  based  on  other  flows was used. 

When the  volume o f   m a t e r i a l  i n  the   depos i t iona l  zone could  be 

measured f rom  the   ae r ia l  photographs, th is  was used i n  conjunct ion 

with the   su r face   a rea   o f   t he   f a i l u re   t o   ca l cu la te   t he   dep th   o f  

ma te r ia l   y i e lded  by t h e   f a i l u r e .  These ca l cu la t i ons  were used t o  

confirm  the  depth  est imates  previously  discussed.  Note  that 

es t imates   o f   the  volume  of  deposited  material  included  organic 

debris,  which i n  some cases  can  comprise a l a r g e   p o r t i o n   o f   t h e   t o t a l  

debris. This organic component was no t   d i rec t l y   i nc luded  i n  volume 

est imates  calculated  f rom measurement o f   t h e   i n i t i a t i o n  and t ranspor t  

zones. 

2.7.5 Volume entering  streams 

Streams  were defined  as  channel  reaches with grad ien ts   less   than 

10% (6O). Consequently, t he  headward extensions  of   the  stream  net 

were r e f e r r e d   t o  as ' *gu l l ies"  and fa i l u re   ma te r ia l   t ha t   en te red  and 

remained i n  a g u l l y  was not  considered t o  have  entered  the 11stream19. 

Only   the  larger   mater ia ls   invo lved i n  t h e   s l i d e  were  considered,  as 

i n fo rma t ion   conce rn ing   t he   d i spos i t i on   o f   f i ne   ma te r ia l s  and f l u v i a l  

rework ing   o f   mater ia ls   cou ld   no t  be ob ta ined  f rom  th is   sca le   o f  

photography. 
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Reaches of stream were classified i n t o  three groups on the  basis 
of gradient: 0.1-1%; 1-3%; and 3-10%. The classif icat ion follows 
Church (1983) i n  part ,  b u t  d i f fers  i n  the  gradient  classes and i n  the 
emphasis on gradient.  Gradient was used t o  categorize  different 
reaches  rather than valley  f lat  width or the  presence of a footslope. 

Failure volumes entering  streams were estimated t o  be ei ther  
1/10, 1/3, 2/3, or  a l l  of the  landslide volume. 

2.8 Ground Confirmation 
I n  the summer  and f a l l  of 1983, FERIC personnel  collected  field 

measurements on a subset of the  clearcut  failures  identified from the 
aer ia l  photographs. Field  observations were collected from the Bonanza 
Creek, Talunkwan Island, Tarundl Creek, MacMillan Creek, South Bay Dump 

Creek, and Sachs Creek watersheds. These data were used t o  confirm the 
location and  volume of fa i lures  examined on the aer ia l  photographs. 

2.8.1 Location of fa i lures  
A t o t a l  of 66 failures  are  available  for comparison of  the 

location of the   in i t ia t ion  zone of the failures.  Event types  include 
open slope  debris  slides, g u l l y  headwall debris  sl ides,  g u l l y  
sidewall  debris slides, active wall debris  sl ides,  and debris flows. 
Events i n  logged areas were classified i n t o  four categories: 

Road-related: O f  the 19 events  identified by FERIC as 
road-related, 13 were identified  as such from the  aer ia l  
photographs, five  as  clearcut g u l l y  fa i lures ,  and  one as an  open 
slope  failure. The underestimation of the number of 
road-related  events i n  t h i s  s t u d y  appears t o  be related  to  the 
description of some events  distant from the road right-of-way as 
in i t i a t ea  by drainage  diversion. These events  are  difficult t o  
identify i n  the  f ield,  and very d i f f i cu l t  t o  identify on the 
aer ia l  photography. 

m 

I 

mc 
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I 

Clearcu t   gu l l y :  O f  t h e i r  20 c l e a r c u t   g u l l y   f a i l u r e s ,   1 8  were 

i d e n t i f i e d  on  the  aer ia l   photographs  as such, wh i le   the   o ther  

two f a i l u r e s  were ident i f ied   as   road- re la ted .  On t h e   a e r i a l  

photographs  these  two f a i l u r e s  appeared t o  occur  on  road fill, 

but they  apparently began  beyond t h i s  zone. 

Clearcut open slope: O f  the 24  open s l o p e   f a i l u r e s   i d e n t i f i e d  

by FERIC, i n  th i s   s tudy   13  were i d e n t i f i e d  as open slope,  e ight  

as   c learcu t   gu l l y   fa i lu res ,  one as  road-related,  and  two  as 

boundary-related. FERIC ou t l i ned  a very  l imi ted  headwal l   area;  

many o f   t h e i r  open slope  events  passed i n t o   g u l l i e s .  

Cut boundary-related:  There  appears t o  be a problem with events 

i d e n t i f i e d  as  boundary-related  fa i lures.  O f  t h e   f i v e   e v e n t s  

tha t   th is   s tudy   iden t i f ied   as   boundary- re la ted ,  and t h a t  were 

subsequently examined  by FERIC personnel,  three began  above the  

boundary i n  the  forested  area and  two  began  below the  boundary 

i n  the   c learcu t  area. 

The f i e l d  survey o f   f a i l u r e s   c a r r i e d   o u t   b y  FERIC ind i ca ted  a 

s a t i s f a c t o r y   c l a s s i f i c a t i o n   o f   f a i l u r e   l o c a t i o n s   f r o m   t h e   a e r i a l  

photography. The  number o f   road- re la ted   fa i lu res  due to   d ra inage  

d ivers ion  were probably  underestimated. I n  addi t ion,  many o f  t he  
boundary- re la ted   fa i lu res   iden t i f ied   on   the   aer ia l   photographs  may 

have  begun  above the  boundary i n  f o r e s t e d   t e r r a i n  or  below 

boundary i n  c learcut .  

2.8.2 Volume o f  f a i l u r e s  

The 66 fa i l u res   i nc lude   even ts   o f   t he   f o l l ow ing   t ypes  

the  

: op len 

s lope  debr is   s l ides  (241, gu l l y   headwa l l   deb r i s   s l i des   (18 ) ,   gu l l y  

s idewa l l   deb r i s   s l i des  (71, a c t i v e   w a l l   d e b r i s   s l i d e s  (14),  and 

debr is  f lows  (3).  O f  t h i s   t o t a l   d a t a   s e t ,  40 f a i l u r e s  were se lected 

f o r  comparison o f  volumes (Figure  4). 
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The da ta   se t  was reduced fo r   t he   f o l l ow ing  reasons: f i r s t ,  

ac t i ve   wa l l   events  were not   inc luded because they   a re   o f ten   a reas   o f  

d r y   r a v e l   f o r  which i t  i s  n o t   p o s s i b l e   t o   e s t i m a t e   t h e   y i e l d   o f  

ma te r ia l   f r om  ae r ia l  photographs. An add i t i ona l  12 f a i l u r e s  were no t  

included, i n  some cases  because  volumes estimated i n  t h e   f i e l d  and 

from t h e   a e r i a l  photographs were f o r   d i f f e r e n t   s l i d e  areas;  and i n  

other  cases, where a d e b r i s   s l i d e   i n i t i a t e d  a debr is  f low, because 

t h e   f i e l d  and a i r  photograph measurements o f t e n   a t t r i b u t e d   d i f f e r e n t  

p o r t i o n s   o f   t h e   t o t a l  volume t o   t h e   s l i d e  and to   t he   deb r i s   f l ow .  

The v a r i o u s   s t a t i s t i c a l  measures c a l c u l a t e d   f o r   t h e   t o t a l   d a t a  

and po r t i ons   o f   t he   da ta   se t   a re   desc r ibed  i n  Table 3 .  These include: 

Average d i f ference:  The average d i f fe rence -- the  mean o f   t h e  

d i f fe rences  between the  volumes determined  by FERIC and those 

from a i r  photographs -- was ca l cu la ted   f o r  two s e t s   o f   s l i d e s .  

For those  s l ides  where the  f ie ld-determined volume was less   t han  

1000 m , the  average volume determined  from a i r  photography 

exceeded t h a t   f r o m   f i e l d  measurement by 84 m . For t h e   t o t a l  

da ta   se t   the  average d i f f e r e n c e   d e c l i n e d   t o  -15 m . Overa l l ,  

t he  average  volume  determined  from a e r i a l  photographs  tends t o  

s l igh t ly   underes t imate   tha t   de termined  f rom  f ie ld  measurements. 

3 

3 

3 

Standard  deviation: This measure g i ves   ex t ra   we igh t   t o  extremes 

and provides  approximate  confidence bounds f o r   t h e  average 

di f ferences. The standard  deviat ion was determined  for  two  sets 

o f   s l i d e s .  For the   smal le r   s l ides  (FERIC volume less   t han  

1000 m3) the   ca lcu la ted  RMS e r r o r  was 291 rn . An assumed 

normal d i s t r i b u t i o n   o f  average  di f ferences  impl ies  that  70% o f  
the  average d i f ferences  are between -207 and 375 m fo r   these 

smal ler   s l ides.  For the   to ta l   da ta   se t   the   observed RMS e r r o r  

was 399 m . For a l l   f a i l u r e s   t h e  bulk o f   t h e  average 

3 

3 

3 

d i f f e r e n c e s   l i e s  between -414 and +384 m'. 
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TABLE 3.  S t a t i s t i c a l  measures  used t o  compare the volume es t ima tes   o f   f a i l u res  
from  aerial  photography and f i e l d  surveys 

Variables 

0 = volume observed  from a e r i a l  photography 

E = volume observed i n  t h e   f i e l d  

N = number of   events  

Average di f ference: 

Standard  deviation: 

B ias   ra t i o :  

A.D. - C(0-E) - 

0 

B.R. 

Range o f  volumes 

I N  c (0-(E+A.D.) 
i = l  

N 

N 
C (0-E) 

N 
i = l  E 

Table  of  values 

N A.D. - 
45 > E > 1000 m3 30  +84 

a l l   s l i d e s  40 -15 

45 2 E > 500 m3 24 - 
500 2 E > 1000 m 6 - 

E 2 1000 m3 10 - 
3 

1/2 

0 - - B.R. 

283 - 
390 - 

- 1.26 

- -0.20 

- -0.17 

l i  

llr 

k 
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Bias   ra t i o :  This i s  a r e l a t i v e  measure  and i s  the  sum o f   t h e  

average d i f fe rences   d iv ided by the  volume determined  from f i e l d  

measurement f o r  each f a i l u r e .  I n  essence, the measure 

represents  the  average  percentage  overestimate or underestimate 

o f   the   f ie ld -de termined volume. 

For t h e   s m a l l   s l i d e s   ( f i e l d  volume less than 500 m ), 3 

the  average b ias  measure was 1.26. For these  smal l   s l ides  the 

b iases  are  large and p o s i t i v e  and t h e   a i r  photograph  estimates 

exceed  those  determined  from f i e l d  measurement. For mid-size 

f a i l u r e s   ( f i e l d  volume  between 500 and 1000 m3) and t h e   l a r g e r  

f a i l u r e s   ( f i e l d  volume greater  than 1000 m ), the  average b ias  

measures a r e   s i m i l a r  -- both  approximately -0.2. For these  s ize 

of   events  the  average  bias measure imp l ies   tha t   a i r   photograph 

es t ima tes   a re   t yp i ca l l y  20% smal ler   than  the volumes determined 

from f i e l d  estimates. 

3 

The fol lowing  conclusions  are drawn  from the  ground  confirmation 

o f  volumes: 

1. 

2. 

3. 

To ta l  volumes determined  from  aerial  photographs  for a 

reasonable number and s i ze   range   o f   f a i l u res   a re   equ iva len t   t o  

t h e   f i e l d  measurements. 

The bulk o f   t h e   d i f f e r e n c e s  between the volumes estimated  from 
a e r i a l  photographs  and  from f i e l d  measurements f o r   a l l   f a i l u r e s  
s h o u l d   t y p i c a l l y  be  between - +400 m3. The average d i f f e rence  

of   smal ler   events  i s  pos i t ive,   suggest ing  that   a i r   photograph 

est imates  o f ten exceed f i e l d   e s t i m a t e s   f o r   s m a l l e r   f a i l u r e s .  

D i f f e ren t   b iases   a re  observed f o r   d i f f e r e n t   s i z e  ranges o f  

events. For smal l   events  the volume determined  from a i r  

photographs is l a rger   than  f rom  f ie ld   es t imate .  For mid-size 

and l a r g e r  events, a i r  photograph  estimates o f  volume are,  on 

average, less  than  the  f ie ld   est imates.   B ias  est imates  are 

v a r i a b l e   f o r   i n d i v i d u a l   s l i d e s .  
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3 RESULTS 

3.1 Mass Wasting  Frequency 

3.1.1 The number o f  mass wasting  events 

A t o t a l   o f  1573 features were enumerated i n  the  350 km o f  

logged and fo res ted   t e r ra in  examined. O f  these 1573 features, 1337 

were included i n  the  deta i led  inventory   that   compr ises  the  data  set  

discussed i n  th i s   sec t i on .  O f  the  remaining 236 events, 179 were 

revegetated and  57  were e i t h e r  shadowed o r  occurred  outside  the  area 

of   stereo  coverage  for   the  basins.  

2 

The overa l l   f requency  o f  mass wasting  events i n  the  study  area, 

based  on the  1573 events, was 4.5 fa i lures  per   square  k i lometre.  

This is 70% greater   than  the  est imate  o f  2.6 fai lures  per  square 
k i lometre  obtained by  Gimbarzevsky (19831, based  on h i s  average 

frequency  calculated on UTM c e l l s .   H i s   l a n d  base was 2500 km and 

included  only 1-km b l o c k s   o f   t e r r a i n  where f a i l u r e s  were 

observed. H is   reg iona l   da ta  were extracted  f rom 1:50 000 scale 

photography and the minimum detectable  s ize was  much la rger   than i n  

t h i s  study. 

2 

2 

3.1.2  The frequency o f  mass wasting i n  the  study  basins 

The frequencies (number per  square  k i lometre  per  year)   of  

l a n d s l i d i n g   f o r  each drainage  basin  are summarized i n  Table 2. 

The f a i l u r e  frequency  from  forested  steeplands  ranged from  a low 

o f  0.02 events  per  square  kilometre  per  year  (Tarundl and Thurston 

Harbor  creeks) t o  maximum values o f  0.25 and 0.30 landsl ides  per 

square  kilometre  per  year  (South Bay Dump Creek  and Armentieres 

Creek, respectively).  High  values  are  observed i n  South Bay Dump 

Creek, s ince  near ly  a l l   t h e   b a s i n  has been c lea rcu t  and only  unstable 

t e r r a i n   i s   l e f t  forested. Mass wasting  frequency  from  forested 

t e r r a i n  i n  12  o f   the  remain ing 23 basins  varied between 0.09 and 0.20 

events  per  square  kilometre  per  year. 
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The frequency o f   f a i l u r e s  on clearcut  steeplands,  ranged  from a 

minimum o f  0.59 (Mosquito  Creek  Tributary), t o  maximums o f  9.0 (R i ley  

Creek) and 11.1 (Cache Creek)  events  per  square  kilometre  per  year. 

Ten of   the  remain ing  bas ins had fai lure  f requencies  ranging  f rom  2.1 

t o  5.4 events  per  square  kilometre  per  year. The d i s t r i b u t i o n   o f  

forested and steepland  areas with d i f f e r e n t  mass wasting  frequencies 

i s  shown on  Figure 5. Note  that   the minimum observed  frequency  from 

c learcu ts  i s  approximately  twice as l a r g e  as  the maximum from 

forested  steeplands. 
Road-related fa i l u re   f requenc ies  i n  the  study  basins  are more 

var iab le  than  those  f rom  e i ther   forested o r  c lea rcu t   t e r ra in .  O f  t he  

17  logged  basins,  nine  have no road-re la ted  fa i lures.  I n  some o f   t h e  

basins -- Mosquito Creek Tr ibutary  and Armentieres and Mountain 

creeks -- roads were on ly  b u i l t  on the   va l l ey  bottoms. F a i l u r e  

frequencies i n  bas ins   tha t  have steepland  roads  range  from  1.9  events 

per  square  k i lometre  per  year  (Tarundl  Creek) t o  20.1  events  per 

square k i lometre  per  year (Talunkwan  Creek). 

3.1.3  Mass wast ing  f requency  of   d i f ferent  event  types 

Table 4 summarizes the   f requency   o f   f a i l u re   f o r   d i f f e ren t   even t  

types i n  forested,   c learcut ,  and  roaded t e r r a i n .  I n  the   c lea rcu t  

po r t i on   o f   t he   l ogged  areas,   accelerat ions  for   the  four   types  o f  
debr is   s l ides   a re   very   s im i la r ,   vary ing  from 23 t o  31 times. Schwab 

(1983)  observed  an  acceleration  of 28 t imes  fo l lowing  the  1978 

mul t i -day  ra instorm  at   Rennel l  Sound for   c learcut   debr is   avalanches 

y ie ld ing   g rea ter   than 100 m . 3 

Clearcut t ing  accelerated  the  f requency  o f   debr is   f lows  41 

times. Comparable values  from  other  Pacif ic  Northwest  regions  fol low: 
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d i f ferent   f requencies.  (6) Propor t ion  o f   s teepland  areas with 
d i f f e r e n t   y i e l d s .  
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Frequency o f   debr is   f lows Accelerat ion 

Forested  Clearcut 

(No. /km2/yr) (No. /km2/yr) 

Morrison (1975)  .005 .044 Xa.8 

Swanston  and 
Swanson (1976) .008 .036 x4.5 

This  study .012 0.48 x 41 

Frequencies o f   debr is   f lows i n  f o r e s t e d   t e r r a i n   a r e   s i m i l a r   f o r  

the  three  studies.  The larger  accelerat ions  observed on the Queen 

Char lo t te   Is lands  are a r e s u l t   o f   t h e   g r e a t e r  frequency o f   d e b r i s  

f lows i n  c learcu t   te r ra in .   Th is  may be due, i n  pa r t ,   t o   t he   g rea te r  

increase i n  t r igger ing   events  -- open slope and g u l l y   d e b r i s   s l i d e s  

-- which  occurs with c l e a r c u t t i n g  i n  the  Queen Char lo t te   Is lands 

(Section 3.2.4). 

Road areas  also  accelerate  the  occurrence  of open slope  debr is 

s l i d e s  and debris  f lows. The frequency and acce le ra t ion   o f   debr is  

flows  from  roads i n  the Queen Charlot te  Is lands  are  comparable  to 

those o f   Mor r ison  (1975) and  Swanston and Swanson (1976). They 

observed  debris  f low  frequencies o f  0.67 and 0.34 events  per  square 

ki lometre  per  year;  accelerat ions were  133  and 42 times. 

The frequency o f  events  entering  streams  (Table  5) i s  

accelerated by logg ing ,   bu t   no t   to   the  same extent as logging 

accelerates  the  overa l l   f requency  o f   lands l id ing.  The frequency o f  

events  observed i n  logged   te r ra in ,   re la t i ve   t o   f o res ted   t e r ra in ,  was 

34 times  greater;  the  frequency  of  events  entering  streams  from 

logged  areas was accelerated 23 times. 

I n  fo res ted   t e r ra in  40% of  the  events  enter ing  streams  are open 

slope  s l ides.   Gul ly  headwal l   s l ides and debris  f lows  accounted  for 

approximately 40% of  the  remaining  events  enter ing  streams each 

year. I n  c lea rcu t  and road  areas a near ly   equa l   con t r ibu t ion   to  

streams was observed for these  three  event  types.  Gully  sidewall  and 
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ac t i ve   wa l l   deb r i s   s l i des   con t r i bu ted  few o f   the   events   en ter ing  

streams  from  forested and clearcut  areas, and  none from  roads. 

Despite a l a r g e   c o n t r i b u t i o n   t o   t h e  number o f   f a i l u r e s   e n t e r i n g  

streams, the  lowest  accelerat ion  for   events  enter ing  streams  f rom 

c learcut   areas  occurred  for   the open s lope  debr is   s l ides.  The 

acce le ra t ion   o f   debr is   f lows  en ter ing   s t reams  f rom  c learcu ts  was 

tw ice   t ha t   o f  open s lope  debr is   s l ides.  

Only open s lope  debr is   s l ides,   gu l ly   headwal l   debr is   s l ides,  and 

debris  f lows  entered  streams  from  road  areas.  Similar  accelerations, 
ranging  from  66 t o  70  times, were observed f o r  each  type. 

3.2 Debris Volumes Associated with Fai lure  Events 

Table 6 shows the  average  annual volume y ie ld   f rom each o f   the   s tudy  
basins.  This  data  set i s  based on the  1337  fa i lures  d iscussed i n  Sect ion 

2.1.1. 

3.2.1 Annual  volume y i e l d s  

forested  steeplands was 1 097  350 m3, o r  6600 m /km . This 

amounts to  approximately 9900 tonnes/km , based  on  an assumed 

dens i t y   o f  1500 kg/m . For forested  s lopes,  the  average  rate  of  

mass wasting  by  episodic  processes was found t o  be  1.6 m /ha per  

year or 2.5 tonneslha  per  year. 

The t o t a l  volume o f  mass wasting from the  logged  area was 
es t imated  to  be  757  750 m3. This  represents a y i e l d   o f   4 1  500 

m3/km2, o r  63 700  tonnes/km2.  Annual lands l id ing   f rom  the  

logged  por t ion  o f   the  s tudy  bas ins  invo lved 58.2 m /ha per  year or 
87 tonnes/ha  per  year. By comparison, Pierson  (1977)  observed a 

y i e l d   o f  0.2 tonnes/ha  per  year  from  logged  areas i n  the  Oregon  Coast 

Range. 

The t o t a l   e s t i m a t e d  volume o f   ma te r ia l   de l i ve red   f rom  the  
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The t o t a l  annual volume o f  mass wasting  from  logged  areas was 

apparently 35 t imes  larger  than  f rom  forested  areas. O f  t h e   t o t a l  

volume  from  logged  areas,  approximately 606 800 m were from 

c learcu ts  and  150  950 m were f rom  road-re la ted  fa i lures.  The 

volume  observed  from clearcut  areas was approximately 4 t imes  that  

from  roads. On an areal   basis,   c learcut  steeplands  y ie lded 

50.7 m /ha per  year;  roads  yielded 143.6 m /ha per  year, based  on 

an assumed  20-m road  r ight-of-way  width.  Accelerat ions  associated 

with c learcu t  and roads were thus   ca l cu la ted   a t   31  and 87 times, 

respect ive ly .  

3 

3 

3  3 

The overa l l   annual  volume y i e l d   t o  streams  from  forested 

steeplands was es t imated  to  be 0.6 m /ha per  year. From logged 

areas  the  y ie ld  was  27.6 m /ha per  year; from clearcut  areas, 
23.5  m3/ha per  year; and from  road  areas, 74.9 m /ha per  year. 

The a c c e l e r a t i o n s   o f   y i e l d   t o  streams  from  logged  area  (43  times), 

clearcut  areas  (37  t imes), and roads  (117  times) were s l i g h t l y   l a r g e r  

than  the  observed  accelerat ions  for   the same land   ca tegor ies   f o r  

t o t a l   y i e l d .  As noted i n  Sect ion 3.1.1, t he   acce le ra t i on   o f  

frequency  of  events  entering  streams  as a r e s u l t   o f   l o g g i n g  was 

smal le r   than  the   acce le ra t ion   o f   f requency   o f   the   to ta l  nwnber o f  

events.  This i n   t u r n  suggests   that   to   produce  the  greater  

a c c e l e r a t i o n s   o f   y i e l d   t o  streams, the  events  entering  streams  from 

logged  areas must  be l a r g e r  i n  s ize   than  those  f rom  fo res ted   te r ra in  

(see  Section 3.2.4). 

3 

3 
3 

Annual y ie lds  f rom  forested,   c learcut ,  and road  areas f o r  each 

o f   t h e  27 basins  are summarized i n  Table 6 (a lso  Figure  5) .  The 

acce le ra t i on   o f  mass wasting  as a r e s u l t   o f   c l e a r c u t t i n g  ranges  from 

minimums i n  Armentieres (1 times) and Mosqui to   Tr ibutary   (3   t imes)   to  

maximums i n  Powrivco Creek (661 t imes) and MacMillan Creek (269 

times).  Other  areas with low  accelerat ions  are  South Bay Dump Creek 

(7  t imes) and Mountain  Creek (8  t imes).  Yields  from  logged  areas i n  

these  basins were s i m i l a r   t o   o t h e r  nearby  basins, and accelerat ions 

were low due to   t he   h igh   y ie ld   f rom  fo res ted  areas.  Accelerations of 

t o t a l   y i e l d   f r o m   r o a d s  ranged  from  a  low i n  Tarundl Creek  (35 t imes) 



- 33 - 

a 

1 

t o  a maximum i n  Powrivco Creek (549 t imes).   Road-related  fa i lures 

were  observed i n  n ine   o f   the   12   bas ins  with steeplands  roads. 

3.2.2 Geology and y i e l d  from  forested  steeplands 

The in f luence  o f   the   d i f fe ren t   geo log ic   fo rmat ions   (Tab le  1) on 

t h e   y i e l d  from  forested  steeplands i s  shown i n  Table 7. 

TABLE 7. The in f l uence   o f   geo log i c   f o rma t ion  on t h e   y i e l d  from  forested 
t e r r a i n  i n  the  Queen Char lo t te   Is lands  s tudy  bas ins 

Steepland 
Formation No. o f   f o r e s t e d  Weighted Minimum Maximum 

( km2) (m3/ha/yr)  (m3/ha/yr)  (m3/ha/yr) 
bas ins   a rea   average  y ie ld   y ie ld   y ie ld  

Masset a 64.4  1.5 0.6  2.6 
(so f t   vo lcan ics)  

Karmutsen a 60.3 2.0 0.7 4.8 
(hard  volcanics) 

Haida 4 7.6 2.0 0.3 4. a 
(sedimentaries) 

PTP 2 15.6 1.3 0.9 2.1 
(grani tes)  

Basins  dominated  by  the Masset format ion  include  those i n  

Rennel l  Sound -- Hangover, Bonanza, Gregory,  and Cache creeks -- and 

those  from Talunkwan  and  Lye11 is lands. Those basins  dominated  by 

the  Karmutsen format ion  are on  Moresby Island,  as  are  those with the  

Haida  formation  as  their  dominant  geology. 

Weighted  average y ie lds  for   the  d i f ferent   format ions  vary   f rom a 

minimum o f  1.3 m /ha per  year  from  the PTP, t o  a maximum o f  

2.0 m /km per  year  from  the  Karmutsen and Haida. However, the 

va r ia t i on   o f   y ie lds   obse rved   f o r   t he   d i f f e ren t   bas ins  dominated  by 

each format ion  suggests   that   the  average  y ie lds  are  not   s ign i f icant ly  

d i f f e ren t  and tha t   these  d i f fe ren t   fo rmat ions   p roduce  s im i la r  

3 

3 
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yields.  Similarly, there is no difference between y i e l d s  from the 
two physiographic regions. 

T h i s ,  i n  t u r n ,  simplifies the interpretation of changes i n  mass 
wasting  frequencies and yields  following  clearcut logging. If 

similar yields are  derived from different  regions and geologies,  then 
the comparison of logging  data from a l l   c learcu ts  wi th  the overall 
set of mass wasting  events from forested  terrain is not  confounded by 
differences i n  the  proportions of geologic  formations or 
physiographic  regions. 

3.2.3 Mass wasting  annual yields of different event types 
I n  both the logged and forested steepland  area,  the  majority of  

the  total  y i e ld  is from open slope  debris  slides and debris flows 
(Table 8). These features  contributed 73% of the   to ta l  annual y i e ld  
i n  forested  terrain and 86% i n  logged areas. 

The overall  average  size of a mass wasting  event varies only 
s l i g h t l y  from forested  to  clearcut  terrain: from 1360 t o  1400 m3. 
However, w i t h i n  each event category the change i n  the average s ize  of  
fa i lures  is quite variable.  Debris slides i n  clearcut  areas averaged 
42% of their s ize  i n  forested  terrain. This  smaller  average s ize  may 
re f lec t ,  i n  par t ,  t h e  ease of identifying  smaller events i n  clearcut 
terrain.  As well, roo t  mat s t r eng th  may impose a h igher  areal  
threshold f o r  fa i lure  i n  forested  terrain. G u l l y  headwall deb r i s  
s l ides  showed a similar  variation i n  average s ize  between forested 
and logged terrain.  The average s ize  of gully  sidewall and active 
wall  debris  slides were  unchanged following logging. 

There was a large  difference i n  the  average  size of debris flows 
i n  forested and logged terrain.  The average flow i n  logged terrain 
yielded 50% more debris and sediment than i n  forested  terrain. This  
increase may have  been due t o  a number of factors,  such a s  an 
increased amount of debris i n  gul l ies  (from logging  slash, road 
fills, and destabilized g u l l y  walls)  following  logging, or  an 
increase i n  the number of larger  failures  occurring.  Increases i n  
the  average  size of debris flows d i d  not  appear t o  be related t o  

increased  transport  lengths i n  logged areas  (Table 9). 
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TABLE 9. Length o f  scour  by  debris  f lows  from  forested and logged  te r ra in  
i n  the  Queen Char lo t te   I s lands  and other  Paci f ic   Northwest  regions 

Forested  area  Clearcut  area Road area 
Average Range Average Range Average Range 
length   leng th   leng th  m 

(m) (m) (m)  (m) (m)  (m) 

Swanston  and 610  100-2280 - - - - h! 

Swanson ( 1976) 

Schwab ( 1983)  420  60-1000  380  120- 800 470  75-610 

This study 370  75-1200  330  35-1400  280  50-660 

Acce lera t ions   o f   the   d i f fe ren t   event   t ypes   var ied  around the  

average a c c e l e r a t i o n   o f  31 t imes i n  clearcut  areas. The 

acce le ra t i ons   o f   t he   deb r i s   s l i des  were a l l  below the  average,  and 

ranged  between 13 (open  slope and gul ly   headwal l )  and 29 (ac t i ve  

wall)  t imes. The acce le ra t i on   o f   t he   y ie ld   o f   deb r i s   f l ows  was 61 

times, due to   the   h ighes t   acce le ra t ion   o f   f requency   o f   occur rence (41 

times),  combined with the  increased  average  s ize  of   events.  The 

a c c e l e r a t i o n   o f   y i e l d   o f   d e b r i s   s l i d e s  i n  c l e a r c u t   t e r r a i n   i s  much 

lower  despi te a s imi la r   acce le ra t ion   o f   f requency   o f   occur rence 

(approximately 30 t imes) because o f   t h e  decreased  average s i z e   o f  

open slope and g u l l y   d e b r i s   s l i d e s  i n  c lea rcu t   t e r ra in .  

A l a rge   va r ia t i on   occu r red  i n  the   acce le ra t i ons   o f   t he   d i f f e ren t  

event  categories  for  road  areas.  Nearly a l l   t h e   t o t a l   y i e l d  from 

th is  land  category was from open s lope   deb r i s   s l i des  and debr is  

f lows.  Accelerat ions  for  these  event  types were 109 t imes  fo r  open 

s lope  debr is   s l ides  and 114 t imes  for   debr is  f lows. 

The annual y i e l d   t o  streams i n  fo res ted   t e r ra in  was der ived 

pr imar i l y   f rom open s lope  debr is   s l ides  and debris  f lows  (Table lo ) .  
I n  logged  ter ra in   the  annual   y ie ld   enter ing  s t reams was der ived 

pr imar i l y   f rom  debr is   f lows and, t o  a much lesser  extent,  from open 

s lope  debr is   s l ides.   Debr is   f lows  cont r ibuted 37% o f   t h e   m a t e r i a l  
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entering  streams  from  forested  areas and 67% o f   t h e   m a t e r i a l   e n t e r i n g  

streams  from  clearcut  areas. 

The average sizes  quoted i n  Table 10 for  events  entering  streams 

are   the  average  sizes o f   t h e   p o r t i o n   o f   t h e  volume that   entered a 

stream  from  a  particular  event.  Since, i n  many cases, n o t   a l l   o f  a 

s l i d e  or f low  entered a  stream, the  average s i ze   o f   t he   even t  

necessary t o  produce  these  average y i e l d s   t o  streams  per  event  would 

have  been l a r g e r   t h a n   t h i s  quoted  value. 

The p a t t e r n   o f  changes induced  by  logging i n  the  average y i e l d  

per  event  enter ing a  s t ream  fo l lows  the  pat tern  o f  change i n  t o t a l  

y ie ld .  The average  volume c o n t r i b u t e d   t o  a  stream  by an  open slope 

debr is   s l ide  f rom  c learcut   areas was only 31% o f   t h a t  from  forested 

areas;  the  average  from  a  gul ly  headwall   sl ide was 55% o f   t h a t  from 
forested  areas. This re f l ec ts   t he   sma l le r  average s i z e   o f   d e b r i s  

s l ides   fo l low ing   logg ing .  That i s ,   s l i d e s  i n  logged  areas have  a 

s i m i l a r   p r o b a b i l i t y   o f   e n t e r i n g  streams  as  those i n  forested  areas, 

but con t r i bu te   l ess  volume p e r   s l i d e  because o f   t h e i r   s m a l l e r  average 

size. From road  areas  a  d i f ferent  pat tern  occurs.  The average 

contr ibut ions  f rom open slope and gu l l y   headwa l l   deb r i s   s l i des   a re  

s i m i l a r   t o   f o r e s t e d  events. 

The average  volume  contributed t o  streams  from  debris  f lows i n  

logged  areas was 236% larger  than  f rom  forested  areas. This exceeds 

the  increase  induced i n  t h e   o v e r a l l  average s i z e   o f   d e b r i s   f l o w s  by 

logging and i s  due, i n  pa r t ,   t o   t he   g rea te r   mob i l i t y   o f   f l ows   f rom 

c learcut   ter ra in .   That  i s ,  f lows  f rom  c learcuts  are more l i k e l y   t o  

enter  stream  reaches with g r a d i e n t s   o f  less than 10%. 

3.2.4  The d i s t r i b u t i o n   o f   f a i l u r e s  by  volume c lass  

Table 11 shows the  number o f  events i n  d i f f e r e n t  volume 

categories, by l a n d   c l a s s ,   f o r   a l l   e v e n t s  and f o r  those  events  that 

enter  streams. 
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TABLE 11. The volume d i s t r i b u t i o n  o f  fa i lures  f rom  forested and logged  te r ra in  

Volume c lass ($1 
Total. 100- 500- 1000- 5000- 

A l l  events  set 500 1000 5000 10 000 10 000 

Forested 807  372 179 21 2  31 13 

(100%) (46%)  (22%)  (26%)  (4%) (2%) 

Logged 530  31 0 90  99  20 11 
(100%) (58%)  (15%) (19%) (4%) (2%) 

Events  entering  streams 

Forested 264 83 56 88 24 13 

(100%) (31%) (21%) (33%) (12%) (5%) 

Logged 119 49 17 29 14 10 

(100%) (41%)  (14%)  (24%) (12%) (8%) 

P r o b a b i l i t y  o f  events  entering  streams by volume c lass 

Forested 33%  22% 31% 42% 77% 100% 

Logged 22% 16% 19% 29% 70% 91% 
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I n  both  forested and l o g g e d   t e r r a i n   t h e   m a j o r i t y   o f   f a i l u r e s  

invo lved  less  than 1000 m o f   ma te r ia l ;  68% o f   the   fo res ted   events  

and 75% of  the  logged  events were l ess   t han   t h i s   s i ze .  A s i m i l a r  

percentage of   both  logged and fo res ted   f a i l u res  were l a rge r   t han  

3 

10 000 m’. The smal le r   average  s ize   o f   c learcu t   debr is   s l ides  i s  

r e f l e c t e d  i n  the   g rea ter   p ropor t ion   o f   events   less   than 500 m3: 

58% i n  logged  ter ra in ,  46% i n  forested  areas. 

When events  that   d i rect ly  enter  the  stream  system  are  considered 

i n  both  forested and logged  terrain,   the  percentage  of   smal ler   events 

i s  reduced.  Only 52% of   the  lands l ides  enter ing  s t reams  f rom 

forested  areas  are  less  than 1000 m , w h i l e   f o r   l o g g e d   t e r r a i n  55% 

of   the   lands l ides   en ter ing  streams are  less  than  1000 m . These 

changes simply  indicate  that  smaller  events  have a smal ler  

probabi l i ty   o f   enter ing  s t reams  than do mid-size or large  events. 

3 

3 

The p r o b a b i l i t y   o f  a l a n d s l i d e   e n t e r i n g  a stream fo r   bo th   logged 

and f o r e s t e d   t e r r a i n   i s   d i r e c t l y   p r o p o r t i o n a l   t o   t h e   s i z e   o f   t h e  

fa i l u re   (Tab le  11). F o r   f a i l u r e s  between  100 and  500 m , 
approximately 22% of  the  events  f rom  forested  areas and  16% from 

logged  areas  enter  streams.  For  the  larger  events  involving more 

than 5000 m o f   m a t e r i a l ,   t h e   p r o b a b i l i t y   o f   e n t e r i n g  a stream i s  

greater  than 70% fo r   bo th   f o res ted  and logged  ter ra in .  

3 

3 

3.2.5 Comparison with mass wast ing  y ie lds from the  Paci f ic   Nor thwest  

Table  12 l i s t s  mass wast ing  y ie lds  f rom  other  regions i n  the  

Paci f ic   Northwest  extracted  f rom Swanston  and Swanson (1976)  and 

S i d l e  ” e t   a l .  (1985). The y ie lds  f rom 0’ Loughl in (1972), F iksdahl  

(19741, Morrison (19751, Swanson and Dyrness  (1975) and Swanson 

” e t   a l . 3   a r e   t o t a l  mass eros ion   ra tes  by debris  avalanches. The 

y ie ld   f rom  th i s   s tudy  i s  t h e   t o t a l   o f  open slope,  gul ly  headwal l ,  

Swanson,  F. J., M. Swanson, and C. Woods. 1977. Inven to ry   o f  mass erosion 
i n  the  Mapleton Ranger D is t r i c t ,   Su is law  Nat iona l   Fores t  Ranger D i s t r i c t ,  
Su is law  Nat iona l   Fores t   f ina l   repor t .  A co-operat ive  report   of   the  Suis law 
Nat ional   Forest  and the  Paci f ic   Nor thwest   Forest  and Range Experimental 
Stat ion.  Unpublished  report.  
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gu l l y   s idewa l l ,  and ac t i ve   wa l l   deb r i s   s l i des .  These are comparable 

s e t s   o f   f a i l u r e  events. 

The average  annual   debr is  s l ide  y ie ld  f rom  forested  steeplands 

i n  the  Queen Char lo t te   I s lands  i s   l a r g e r   t h a n   t h e   y i e l d s   r e p o r t e d  i n  

the  Pacif ic  Northwest  by  other  authors. The average  annual y i e l d s  i n  

Table 12 can  be compared t o   t h e  Queen Char lo t te   I s l ands   ra te  i f  the  

debr i s   s l i de   y ie lds   f rom  the  27 study  basins  are  used to   es t ima te   t he  

s tandard   e r ro r   o f   t he  average  annual   debr is  s l ide  y ie ld.  The y i e l d s  

from  the  study  basins were converted t o   l o g a r i t h m s   t o  remove p o s i t i v e  

skew f rom  the   d i s t r i bu t i on .  A d i f f e r e n c e   o f  means tes t   (B la lock  

1972) app l ied   to   the   logar i thms  o f   the   annua l   y ie lds  (p=0.05) 

i nd i ca tes   t ha t   on l y   t he  average  annual y i e l d  observed  by  Fiksdahl 

(1974) was not   smal le r   than  the   y ie ld  observed i n  t h i s  study. 

A s i m i l a r   r a t i o n a l e  can  be  used t o  compare d e b r i s   s l i d e   y i e l d s  

from  clearcut  areas i n  the  Queen Char lo t te   I s lands   to   o ther   a reas  i n  

the   Pac i f i c   Nor thwest .   App l ica t ion   o f  a d i f f e r e n c e   o f  means t e s t  

(PO. 05) i n d i c a t e s   t h a t   t h e   y i e l d  from  clearcut  areas i n  the  Queen 

Char lo t te   I s lands  i s  s i g n i f i c a n t l y   l a r g e r   t h a n  from  other  areas i n  

t h e   P a c i f i c  Northwest. The la rge r   deb r i s   s l i de   y ie lds   f rom  c lea rcu t  

areas and the   la rger   acce le ra t ions  (v .  Schwab 1983) observed i n  the  

Queen C h a r l o t t e   I s l a n d s   i n d i c a t e   t h a t   s i g n i f i c a n t l y  more i n s t a b i l i t y  

i s  induced  by  vegetation  removal  from  steeplands i n  the  Queen 

Charlot te  Is lands  than  elsewhere i n  t h e   P a c i f i c  Northwest. 

Sediment  and debr is   y ie lds   f rom  road- re la ted   debr is   s l ide  

f a i l u r e s   f a l l  i n  the   midd le   o f   the   range  o f   the   y ie lds  observed  from 

other   s tud ies i n  the  Paci f ic   Northwest.   Accelerat ions and y i e l d s  

from  roads  are  extremely  variable  over  the 1 7  logged  basins and, as a 

r e s u l t ,  no s t a t i s t i c a l  comparison o f   y i e l d s  was  made. 

3.3  Mass Wasting Volumes En te r ing   D i f f e ren t  Reach Types 

Table 13 l i s t s  t h e   t o t a l  volume  and y ie ld ,  and the  volume  and y i e l d  

enter ing each of   three  reach  types  (stream  gradient  c lass).  O f  t h e   t o t a l  

volume eroded  from  hi l ls lopes, 47% from logged and 39% from forested 

te r ra in   d i rec t l y   en te red   t he   s t ream system.  Most o f  t h e   m a t e r i a l   d i r e c t l y  

w 
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entered  the  higher  gradient  stream  reaches i n  the  upper   por t ions  o f   the 

watershed. The d i f f e rence  between t h e   t o t a l  volume  and the volume 

entering  streams  represents  the amount o f  mater ia l   s to red  i n  g u l l i e s ,  on 

fans, and  on slopes. 

3.3.1  Comparison o f  propor t ions by reach  type 

Dif ferences between the  numbers of   lands l ides  enter ing  s t reams 

i n  forested and logged  te r ra in  can be examined with a d i f f e r e n c e   o f  

propor t ions  test   (B la lock 1972). The t e s t   i n d i c a t e s   t h a t  a 

s ign i f i can t ly   la rger   p ropor t ion   o f   lands l ides   en ter   s t reams  f rom 

logged  areas (p=O.Ol). Second, r e s u l t s   i n d i c a t e   t h a t  a greater 

propor t ion  o f   events   enter   h igher   gradient  streams  from  logged  areas 

than  from  forested  areas (p=O.Ol). 

3.3.2  The lowest  gradient  reaches 

A much l a r g e r   p r o p o r t i o n   o f   t h e   y i e l d   t o  streams  from  forested 

areas   d i rec t l y   en tered   the   lowest   g rad ien t   por t ion   o f  streams. The 

average con t r i bu t i on   o f   even ts   d i rec t l y   en te r ing   t he   l owes t   g rad ien t  

reaches  f rom  forested  terrain was t w i c e   t h e   s i z e   o f   e i t h e r   o f   t h e  

higher  gradient  reach  classes. The mater ia l   de l ivered  f rom  forested 

areas t o  reaches with gradients  from 0.1 t o  1% came pr imar i l y   f rom 

three  basins: Burnaby Is land,   Insk ip  Creek,  and Secur i ty Creek. The 

lower  port ions  of   these  streams were a l l   a f f e c t e d  by  open slope 

debr is   s l ides.  

Di f ferences i n  t h e   d i s t r i b u t i o n   o f   m a t e r i a l  by  reach  type  for 

logged and forested  areas may be due t o  on ly  a small  number o f  logged 

areas  being i n  a s u i t a b l e   p o s i t i o n   t o   a f f e c t   l o w e r   g r a d i e n t  reaches. 

Also, t h e   t o t a l  volumes enter ing mid- and lower  gradient  reaches were 

underestimated  for  logged  areas. Because they  could not be 

accurately measured, t o r ren ts   en te r ing   t he   l ower   po r t i ons   o f  Sachs, 

MacMillan,  South Bay  Dump, and Two Torrent  creeks were not  included 

i n  t h e   t o t a l s  i n  Table 13. These torrents  inf luenced  reaches with 

gradients between 1 and 3%. 
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3.4  The Locat ion   o f   Fa i lu res  

Table 14 d iv ides   the  volume f rom  landsl id ing and the  volume o f  

material  entering  streams  from  logged  areas on t h e   b a s i s   o f   t h e   l o c a t i o n  

o f   t h e   i n i t i a t i o n  zone o f   t h e   f a i l u r e .   L o c a t i o n  was d i v i d e d   i n t o  open 

slope and g u l l y   c l e a r c u t   f a i l u r e s  and open slope and gu l l y   road  fa i lu res .  

Boundary-related  fai lures  are  included i n  e i the r   t he   c lea rcu t  open slope 

or  gu l ly   c lasses  and are  not  t reated  separately because o f   t h e  

i d e n t i f i c a t i o n   d i f f i c u l t i e s  discussed i n  Section 2.4.1. I n  any event,  the 

i den t i f i ed   boundary - re la ted   f a i l u res  were o f   l i t t l e  importance t o  mass 

wasting i n  logged  te r ra in ,   con t r ibu t ing   less   than 5% o f   t h e   t o t a l  volume 

and 0.1% o f  the   mater ia l   en ter ing  streams. 

Clearcut open s lope  fa i lu res  comprised 35% o f   t h e   t o t a l  number o f  

events and cont r ibu ted  19% o f   t h e   t o t a l  volume o f  mass wasting and 

approximately 12% o f   t h e  volume enter ing  s t reams.   Clearcut   gu l ly   fa i lures 

included 46% o f   t h e   t o t a l   f a i l u r e s ,  and suppl ied 61% o f   t h e   t o t a l  volume 

o f  mass wasting and 66% o f   t he   ma te r ia l   en te r ing  streams. 

O f  t h e   t o t a l  number o f   road - re la ted   f a i l u res ,  79 occurred on the  open 

s lope  por t ion   o f   roads ,  and 18 were gul ly - re la ted  road  fa i lures.   Near ly  

a l l   o f  these  fa i lures  occurred i n  the  road fill. The open slope  road 

fa i l u res   con t r i bu ted  13% o f   t h e   t o t a l  volume o f  mass wasting,  while  the 

gu l l y   road   f a i l u res   con t r i bu ted  7%. Condit ions were reversed  for   the 

volumes entering  streams, with a l a r g e r  percentage o f   t h e   t o t a l  (13%) 
en ter ing   f rom  gu l l ies  and a smaller  percentage  (9%)  from open slope 

f a i l u r e s .  

There  appeared t o  be some changes over  time i n  the  volume o f   m a t e r i a l  

derived  from  roads. Road construct ion  techniques  gradual ly changed a f t e r  

1976 when backhoes came i n t o  use. ( P r i o r   t o  th is  date,  roads were 

c o n s t r u c t e d   b y   b u l l d o z e r   [ l l ~ a t - ~ ~ n ~ t r ~ ~ t e d l l ] . )  I n  South Bay Dump, 

Talunkwan, Thurston  Harbour,  and Sachs creeks where roads were b u i l t  

before 1976, the   road - re la ted   y ie ld  averaged 317 m /ha per  year. The 

remaining  logged  areas  contributed 33 m /ha per  year. 

3 

3 
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The l a r g e s t   y i e l d s   t o  streams came from the  open slope (14.2 m /ha 3 

per  year) and g u l l y  (9.8 m /ha per  year)   road  fa i lures.   Whi le  y ie lds 

a r e   i n s t r u c t i v e   f o r  comparing  sources o f   f a i l u r e s ,   t h e   t o t a l  volume 

entering  stream systems i s  o f   g rea te r   impor tance   t o  streams. 

Seventy-eight  percent o f   t h e   l a n d s l i d e  volume d i rect ly   enter ing  s t reams 

was f rom  c learcu t   fa i lu res .  Road area  fa i lures  cont r ibuted  the  remain ing 

22%. 

3 

The predominance o f   r o a d - r e l a t e d   t o   o t h e r   s o u r c e s   o f   f a i l u r e s  i n  
logged  areas,  as  reported i n  var ious  studies  f rom  the  Paci f ic   Northwest,  

i s  shown i n  Table 15. Resul ts  are  d iv ided. Some s t u d i e s   i n d i c a t e   t h a t  

road-re la ted  fa i lures  account   for  a r e l a t i v e l y   g r e a t e r   p r o p o r t i o n   o f  

logged  fa i lu res  -- both  by number and  by  volume -- than i s  observed i n  
th i s  s tudy ;   wh i le   o thers   repor t   o f   road- re la ted   fa i lu res  i n  s i m i l a r  

p r o p o r t i o n s   t o   t h i s   s t u d y ' s .  The propor t ion  o f   road-re la ted  events  

observed i n  th i s  study i s  s i g n i f i c a n t l y   s m a l l e r   ( d i f f e r e n c e   o f   p r o p o r t i o n  

t e s t ,  ~ 0 . 0 1 ;  Bla lock 1972) than  those  observed  by  other  authors, 

p a r t i c u l a r l y  i n  s tud ies  f rom  the Cascade Mountains i n  Oregon; and also 
smal ler   than  those  reported  by  Greswel l  " e t   a l .  (1979) and Wi l fo rd  and 

Schwab (1982).  Simi la r   p ropor t ions  were observed  by  O'Loughlin (1972) ,  

Chatwin  and Rol lerson (1983) ,  and Swanson " et  a l .4  

Resu l t s   o f   t h i s   s tudy  and Chatwin  and  Rollerson's  suggest  that 

c lea rcu t   f a i l u res   a re  more important i n  the  Queen Char lo t te   I s lands   than 

i n  some other  areas  of   the  Paci f ic   Northwest.   Wi l ford and  Schwab's data 

(1982) may d i f f e r  because o f  the i n c l u s i o n   o f   m i n o r   f a i l u r e s   ( l e s s   t h a n  

200 m surface  area) i n  road fill. The lesser  importance o f  

road- re la ted   fa i lu res  i s  no t  due t o  decreased mass wasting  from  roads i n  

the  Queen Char lo t te   Is lands  (Table 121, but r a t h e r   t o   l a r g e r  numbers and 

volumes  from c lea rcu t  areas.  This change i s  due t o   t h e   h i g h   r a t e s   o f  

fai lures  induced  by  the  removal  of  vegetation  under  condit ions  that 

promote h i g h   r a t e s   o f  mass wasting. 

2 
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Swanson e t   a l .  , 1977. 
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TABLE 15. Comparison o f   road- re la ted   fa i lu res   to   o ther   sources   o f   fa i lu res  

i n  logged  areas,  as  reported i n  s tud ies from the  U.S. P a c i f i c  
Northwest and B r i t i s h  Columbia 

No. f a i l u r e s  No. f a i l u r e s  Logged f a i l u r e s  
on forested on logged Percent  roads  Percent  other 

L o c a t i o n   t e r r a i n   t e r r a i n  No. Volume No. Volume 

Coast Ranges, Oregon 

Fredr iksen (1970) 15 17 35 97 65 3 

Swanson " e t   a l .  ( 1977) 42 406 22 - 78 - 
Schroeder  and Brown (1984)  67 164 - 29 - 71 

Greswell " e t   a l .  (1979) 47 198  36 - 64 - 
Cascade Mtns., Oreqon 

Swanson and Dyrness  (1975) 32 107 66  67 34 33 

Dyrness  (1967) 

Morrison (1975) 

Swanson and Grant ( 1982) 43 125  66 - 34 - 
Southwestern B r i t i s h  Columbia 

O'Loughlin (1972) - - 18 - 82 - 
Queen Charlot te  Is lands, B.C. 

Wi l fo rd  and Schwab (1982) 322 113  39 43 61  57 

Chatwin and Rol lerson (1983) - 114 17 22 83 78 

This  study 807 530 19 20 81 80 
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3.5 Surface  Areas  Associated with Fai lure  Events  

Table  16 shows the  sur face  area  o f   debr is   s l ides  that   occur  on 

open slope and gu l l y   headwal l  and s idewal l   s lope  pos i t ions  i n  forested 

and logged  terrain.  The a rea   o f   gu l l y  and stream  channel  scoured  by 

debr is   f lows i s  also  included. The surface  areas of deb r i s   s l i des  

included i n  Table  16  are based  on the  surface  areas o f  t h e   i n i t i a t i o n  

and t ranspor t  zones on ly ;   the   por t ion   o f   the   landscape  a f fec ted  by 

deposi t ion i s  not  included. 
I n  forested  steeplands, 195.3 ha o f  a l and  base o f  166.7 km2 

were a f fec ted  by debr is   s l ides   on  open slopes,  gul ly  headwalls, and 

gul ly   s idewal ls .  For the   t ime  per iod   o f   the   events  examined i n  

fo res ted   t e r ra in   t h i s   rep resen ts  1.17 ha/km a f f e c t e d   d i r e c t l y   b y  

debr is   s l ides,  or a r a t e  o f  .036 ha/km per  year  af fected by debr is  

s l ides  over   the 40 years o f   record .  

2 

2 

I n  logged  ter ra in ,  68.8 ha o f  a l and  base o f  17.8 km' were 

a f fec ted  by debr is   s l ides.   Fa i lures  had a d i rec t   impact  on 3.88 
ha/km (or  3.88% o f   t h e   l a n d  base) i n  logged  steeplands.  Soi l  was 

l o s t   t o   d e b r i s   s l i d i n g   a t  a r a t e   o f  0.53 ha/km per  year  based  on  an 

average  logging age o f  7.3 years.  This  represents  an  increase  of  15 

t imes  over  the  rate  observed i n  fo res ted   t e r ra in .  

2 

2 

Acce le ra t ions   o f   the   ra te   o f   sur face   a rea   a f fec ted   by   debr is  

s l i d e s  and debr is   f lows i n  logged  areas  vary  according t o  landscape 

posi t ion.   Accelerat ions on  open slope and gu l l y   headwa l l   pos i t i ons  

were 17 and 15  t imes,  respectively. A h igher   accelerat ion  o f   27  t imes 

was observed fo r   gu l l y   s idewa l l   pos i t i ons ,   re f l ec t i ng   ya rd ing   impac ts  

i n  basins such  as Bonanza Creek i n  Rennel l  Sound.  The l a r g e s t  

acce le ra t ions   occur red   fo r   gu l l ies  and streams  scoured  by  debris 

flows. The acce le ra t i on   o f  50 t i m e s   r e f l e c t s   t h e   s i g n i f i c a n t   e f f e c t   o f  

logging on debris  f lows. 
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4 CONCLUSIONS 

The purpose o f  th is  repo r t  was t o  examine the  impact   o f   t imber   harvest ing 

on l ands l i d ing  i n  steepland  areas i n  the  Queen Charlot te  Is lands.  Harvest ing 

impacts were assessed  by  comparing the  frequency and y i e l d   o f   l a n d s l i d i n g  i n  

c learcu t  and road  areas t o   f o r e s t e d   t e r r a i n .  

The genera l i t y   o f   the   ca lcu la ted   acce le ra t ions  depends  on the  

representat iveness  o f   the sample of   forested and, more pa r t i cu la r l y ,   l ogged  

ter ra in .   Examinat ion  o f  sampled s teepland  areas  ind icates  that   ne i ther  

physiographic  region or  bedrock  geology  exerts a s t rong  in f luence  over  

frequencies or  y i e l d s   o f   l a n d s l i d i n g .  As a r e s u l t   t h e  averages  determined i n  

th is  repor t   a re   appropr ia te   fo r  a l a r g e   p r o p o r t i o n   o f  Queen Char lo t te   I s land 

steeplands. 

I n  logged  a reas   the   ra te   o f   lands l id ing   a lso   var ies  with t h e   h i s t o r y   o f  

storm a c t i v i t y  and the  age o f   t he   l ogged  area. The accelerat ions,   f requencies 

and y ie lds   repor ted  i n  th is  study  are  averaged  over  logged  areas  ranging  from 

less   than 1 t o  16 years i n  age. Whi le   the  durat ion  o f   accelerated  eros ion 

from  c learcuts i s  no t  known f o r   t h e  Queen Char lo t te   Is lands  o ther   authors 

(Yoshinor i  and Osamu 1984)  suggest i t  may c o n t i n u e   f o r   a t   l e a s t  25 years 

fo l lowing  logging.   For  a given  logged  area, when mature  vegetation i s  

re -es tab l i shed ,   ra tes   re tu rn   t o   t he   na tu ra l  o r  fo res ted   leve l .  

The accelerat ions,  frequencies, and y i e l d s  from  clearcuts  quoted i n  t h i s  

s tudy  are  appropr ia te  averages  for   large  areas  o f   s teepland  logging  ranging 

from  several t o  25 years  o ld.   Lesser  accelerat ions  are  appropr iate  at   the 

lower and upper  ends  of th is  age range;  greater  rates  are  expected  for 

steeplands  from 5 to   15  years i n  age (Figure 2; Nakano 1971; Megahan " e t   a l .  

1978;  Swanston and Swanson 1976; Yoshinori  and Osamu 1984). 

I n  f o r e s t e d   t e r r a i n ,   l a n d s l i d i n g   o c c u r r e d   a t  a frequency o f  0.12 events 
per  square  kilometre  per  year;  the  observed y i e l d  was 1.6 m /ha per  year. 

Debr i s   s l i des  and debr is  f lows  contr ibuted  approximately 60 and 40% o f   t h e  

t o t a l   y i e l d ,   r e s p e c t i v e l y .  

3 

The y i e l d  f rom  deb r i s   s l i d ing  i n  f o r e s t e d   t e r r a i n  was 1.1 m /ha per 3 

year.  This  value is s i g n i f i c a n t l y   l a r g e r   t h a n   y i e l d s  observed  from most o ther  
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Pacific Northwest areas. The average debris  sl ide from forested  areas i n  the 
Queen Charlotte  Islands  yielded 1000 m3. Average  volumes of debris 
avalanches i n  forested  areas i n  other  Pacific Northwest regions range from 
1540 t o  4600 m3 (Swanston and  Swanson 1976). 

Road building and the removal of vegetation  accelerate the overall 
frequency and yield of landsliding. As well,  logging al ters   the average s ize  
of debris  sl ides and debris flows and their   re la t ive importance t o  the   to ta l  
yield. Debris s l ides  i n  clearcut  are  accelerated 30 times i n  frequency, but  

o n l y  approximately 15 times i n  yield. The lower acceleration of y i e ld  is 
associated w i t h  a 50% decrease i n  the average s ize  of open slope and g u l l y  
headwall s l ides  i n  clearcuts. Smaller debris  avalanches i n  clearcuts were 
also observed by O'Loughlin (19729, Morrison (1975) and  Schwab (1983). T h i s  
change may be caused by a lower areal  threshold  for  failure from logged 
terrain,   the  result  of lowered root mat strength. 

The y ie ld  of debris s l i d i n g  from clearcut of 16.8 rn3/ha per  year was 
significantly  larger than  other  rates observed i n  t h e  Pacific Northwest. The 
acceleration of 15 times was  much larger  than the typically observed  range of 
2-4 times. The removal of vegetation on Queen Charlotte  Islands  steeplands 
has a greater impact on mass wasting  than it does i n  other  Pacific Northwest 
regions. 

The 41-fold acceleration i n  the frequency of debris flows on t h e  Queen 
Charlotte  Islands exceeds the  reported range of 5-10 times (Swanston and 
Swanson 1976). Since debris flows are  typically  triggered by debris  sl ides,  
t h e  greater  acceleration reflects t h e  greater  increase i n  debr i s  slides. 

Debris flows contributed 33.9 m /ha per  year from clearcuts -- 3 

approximately two-thirds of the  total  yield. The increased  contribution is 
due t o  a 150% increase i n  t h e  average s ize  of flows. The increase i n  average 
s ize  is due t o  increased  debris i n  gul l ies  and  an increased  probability of 
larger  failures,   rather than t o  changes i n  t h e  average  length of channel  scour. 

The overall  yield from roads i n  steepland logged areas is 143.6 m /ha 3 

per  year -- approximately 3 times  the  rate observed from clearcut  terrain. 
However, the use of yield  values distorts the  relative importance of clearcut 
and road erosion t o  the   to ta l  volume of mass wasting. Approximately 80% o f  

the   to ta l  is from clearcuts and 20% from roads. 
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Debr is   s l ides   con t r ibu te  80 m /ha per  year, or  55%, o f   t h e   y i e l d   f r o m  3 

roads.  This  y ie ld and the   acce le ra t ion   o f  73 t imes f a l l   i n t o   t h e   m i d d l e   o f  

the  range  of  values  observed i n  other  Paci f ic   Northwest  regions. 

The frequency of   debr is  f lows  f rom  roads was 0.86 events  per  square 

ki lometre  per  year;  the  comparable  accelerat ion, 73 times. Swanston  and 

Swanson (1976) repor t   f requencies  o f  0.34 and 0.67, and acce le ra t ions   o f  42 

and 133  times. The to ta l   y i e ld   f rom  s teep land   roads  i n  the  Queen Char lo t te  

I s l a n d s   d i f f e r s   f o r   a r e a s   c o n s t r u c t e d   p r i o r   t o  and a f t e r  1976. P r i o r   t o  1976, 

roads were "cat-constructedt1 and y i e l d s  were 371 m /ha per  year.  Fol lowing 

1976, roads were constructed by  backhoe  and y i e l d s  were  33 m /ha per  year. 

The la rge   d i f fe rence i n  y i e l d s  may a l so  be i n f l uenced   by   t he   re la t i ve  age o f  

the  road systems a t   t h e   t i m e  o f  photography. 

3 

3 

O f  t h e   t o t a l  volumes eroded  from  slopes, 47% from  logged and 39% from 
fo res ted   te r ra in   en ter   the   s t ream system. More than  three-quarters  of   the 

volume del ivered  to  streams  enters  reaches with gradients   o f   3- loo.  

From fo res ted   t e r ra in ,  80% of  the  events  enter ing  streams  are  debr is 

s l ides,   which  contr ibute 50% o f   t h e   y i e l d   t o  streams. I n  c lea rcu t   t e r ra in ,  

debr is  s l ides  comprise 75% of  events  entering  streams and 10% o f   t h e   t o t a l  

y ie ld .  The l o w e r   c o n t r i b u t i o n   t o   y i e l d  f rom  c learcuts i s  due t o  a decreased 

average c o n t r i b u t i o n   t o  streams. S l ides i n  c lea rcu ts  have a smaller 

p robab i l i t y   o f   en ter ing   s t reams and a l so   con t r i bu te   l ess  volume p e r   s l i d e  

because of   the i r   smal ler   average  s ize.  

The average c o n t r i b u t i o n   t o  streams  from  debris  f lows i n  c learcuts  i s  2.3 

times as l a rge  as that   f rom  forested  ter ra in .   Th is   increase i s  due t o   t h e  

greater   s ize  o f   debr is   f lows  f rom  c learcuts  and, i n  pa r t ,   t o   i nc reased  

m o b i l i t y  o f  flows i n  logged  ter ra in .  

The p r o b a b i l i t y   o f  a l a n d s l i d e   e n t e r i n g  a stream i s   d i r e c t l y   p r o p o r t i o n a l  

t o   i t s  s ize.   Events  involv ing more than 5000 m have a greater  than 70% 

chance o f   en ter ing  a stream. Landsl ides  less  than 1000 m3 -- which  account 

f o r  more t h a n   h a l f   o f   t h e   t o t a l   e v e n t s  -- have a 17% p r o b a b i l i t y  i n  logged 

areas and 25% i n  forested  areas  of   enter ing a stream. 
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